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THERMALLY INSULATIVE GAS
REPLACEMENT SYSTEM FOR VACUUM
INSULATING GLASS UNITS

FIELD OF THE INVENTION

The present invention relates to isulating glass units. In
particular, this invention relates to vacuum insulating glass
units.

BACKGROUND OF THE INVENTION

Windows are one of the primary sources of heat loss in
architectural structures. One way to reduce such heat loss 1s
by providing vacuum insulating glass units. Conventional
vacuum 1nsulating glass (VIG) umts include two spaced
apart glass panes that enclose an evacuated or low pressure
space. The low pressure 1n the between-pane space reduces
or eliminates convective heat transfer between the glass
panes.

VIG units can be fabricated in different configurations
that allow the glass panes to be spaced apart while main-
taining a vacuum 1n the between-pane space. In one con-
figuration, a spacer 1s placed between the two glass panes.
The spacer forms a seal between the two glass panes to
enclose the between-pane space and maintain a vacuum
therein. Such an arrangement provides structural stability,
but a common 1ssue with this configuration 1s a gradual loss
of vacuum over time due to permeability of the seals. With
a conventional VIG unit, when vacuum 1s lost, air enters the
between-pane space and can bring with 1t moisture. This
reduces the insulating eflect provided by an evacuated or
low pressure space.

In other configurations, instead of using a spacer, the
edges of the two glass panes are fused together to form a
seal. In this arrangement, an array of small metal pillars or
cylinders 1s typically placed between the two panes to keep
them from collapsing due to the vacuum 1in the between-
pane space. This configuration 1s nitially more air-tight than
VIG units sealed with spacers. This type of arrangement,
however, may provide less structural stability. For example,
the fused edges of the glass panes tend to have little, 11 any,
flexibility. As a result, the edges of these units tend to be
somewhat brittle and thus more fragile than would be 1deal.

It would be desirable to provide a VIG unit that effectively
maintains good thermal insulating properties 1n addition to
being structurally robust.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a partially broken-away schematic cross-sec-
tional end view of a vacuum insulating glass unit 1n accor-
dance with an embodiment of the present invention, wherein
a bleed chamber 1s located along the perimeter of two panes
of the vacuum insulating glass unat.

FIG. 2 1s a partially broken-away schematic cross-sec-
tional end view of a vacuum insulating glass unit in accor-
dance with another embodiment of the invention, wherein a
bleed chamber 1s located between two panes of the vacuum
isulating glass unit.

FIG. 3 1s a partially broken-away schematic cross-sec-
tional end view of a vacuum insulating glass unit 1n accor-
dance with still another embodiment of the invention,
wherein the vacuum nsulating glass unit includes a low
pressure space between a first glass pane and a second glass
pane, as well as a bleed chamber between the second glass
pane and a third glass pane.
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2
SUMMARY

In some embodiments, the mvention provides a vacuum
insulating glass unit with two panes assembled 1n a spaced-
apart configuration so as to have a between-pane space
located between them. The between-pane space has a high
vacuum. The vacuum insulating glass unit also includes a
bleed chamber filled with an insulative gas at a pressure
higher than atmospheric pressure and configured such that
over time 1nsulative gas from the bleed chamber difluses into
the between-pane space.

DETAILED DESCRIPTION

The following detailed description 1s to be read with
reference to the drawings, in which like elements 1n different
drawings have like reference numerals. The drawings, which
are not necessarily to scale, depict selected embodiments
and are not mtended to limit the scope of the invention.
Skilled artisans will recognize that the examples provided
herein have many useful alternatives that fall within the
scope of the invention.

The present invention provides a thermally mnsulative gas
replacement system for vacuum insulating glass (VIG) units.
The system oflers exceptional performance 1n terms of
providing a structurally robust VIG unit while maintaining
good thermal msulation properties. A seal 1s provided
between two glass panes of the VIG unit. This can adhere the
two panes together, provide a gas and moisture barrier, and
space the two panes apart so as to form a between-pane
space. A bleed chamber containing insulative gas at a
pressure higher than atmospheric pressure can be provided
adjacent to (e.g., surrounding) the between-pane space. As a
result, 1f the seal between the glass panes exhibits some
permeability over time, the msulative gas can diffuse into the
between-pane space, rather than simply having air diffuse
into the unit. The bleed chamber can thus mitigate the
reduction in thermal insulation properties that can result
when the seal of a VIG unit has some permeability over
time.

For many applications, each pane will comprise a trans-
parent (or at least translucent) material, such as glass or clear
plastic. For example, each pane 1s a glass sheet (e.g., a
window pane) in certain embodiments. A variety of known
glass types can be used, such as soda-lime glass. In some
cases, 1t may be desirable to use “white glass,” a low 1ron
glass, etc. In certain embodiments, the panes are part of a
window, door, skylight, or other glazing.

Panes of various sizes can be used 1n the present mven-
tion. Commonly, large-area panes are used. Certain embodi-
ments mmvolve panes having a major dimension (e.g., a
length or width) of at least about 0.5 meter, preferably at
least about 1 meter, perhaps more preferably at least about
1.5 meters (e.g., between about 2 meters and about 4
meters), and 1n some cases at least about 3 meters. In some
embodiments, the panes are jumbo glass sheets having a
length and/or width that 1s between about 3 meters and about
10 meters, e.g., glass sheets having a width of about 3.5
meters and a length of about 6.5 meters. Panes having a
length and/or width of greater than about 10 meters are also
anticipated.

Panes of various thicknesses can be used in the present
invention. In some embodiments, the panes (which can
optionally be glass sheets) have a thickness of about 1-8
mm. Certain embodiments involve panes with a thickness of
between about 2.3 mm and about 4.8 mm, and perhaps more
preferably between about 2.5 mm and about 4.8 mm. In one
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particular embodiment, sheets of glass (e.g., soda-lime
glass) with a thickness of about 3 mm are used.

FIG. 1 1s a schematic cross-sectional end view of VIG umt
100 1n accordance with an embodiment of the present
invention. VIG unit 100 includes glass pane 102 with edge
104, glass pane 106 with edge 108, seal 110, between-pane
space (or “evacuated space” or “vacuum chamber™) 112, and
bleed chamber (or “insulative gas chamber”) 114. Glass
pane 102 and glass pane 106 are assembled 1n a spaced apart
configuration using seal 110. An array of conventional VIG
unit pillars may be provided between glass panes 102 and
106 to keep them from collapsing due to the low pressure 1n
between-pane space 112. Edges 104 and 108 of glass panes
102 and 106 are part of an edge region that delineates a
perimeter of VIG unit 100. Glass panes 102 and 106 define

confronting interior surfaces, which, along with seal 110,
form (1.e., bound) between-pane space 112.

Bleed chamber 114 1s located along the perimeter of VIG
unit 100. In the embodiment of FIG. 1, bleed chamber 114
has a greater width (1.e., measured perpendicular to the
major surfaces of the glass panes) than does between-pane

space 112. Here, bleed chamber 114 1s bounded by (e.g.,
encased by) a housing. As shown i FIG. 1, the housing of
the bleed chamber preferably 1s separate from the glass
panes. The housing, for example, can be formed of metal.
Plastic 1s another possibility. In some cases, the housing can
be formed of a ceramic. If desired, the housing can be
tformed of rubber. The housing preferably has a width that 1s
substantially equal to, equal to, or less than the width of
spaced-apart panes 102 and 106, as shown 1n FIG. 1. In some
embodiments, bleed chamber 114 has an annular configu-
ration. For example, the annular configuration of bleed
chamber 114 can optionally surround (e.g., entirely sur-
round) between-space 112.

Preferably, bleed chamber 114 1s located peripherally

outside (1.e., 1n the direction of the arrow 1n FI1G. 1) the edges
104 and 108 of glass panes 102 and 106. Bleed chamber 114,

or a housing encasing bleed chamber 114, can be mounted

against edges 104 and 108 of glass panes 102 and 106, as
shown 1n FIG. 1. Thus, bleed chamber 114 can be encased

by a housing adjacent to (e.g., against) edges 104 and 108 of
panes 102 and 106.

Seal 110 creates a seal between glass pane 102 and glass
pane 106. The seal created by seal 110 extends about the
perimeter of VIG unit 100 between bleed chamber 114 and
between-pane space 112. In the embodiment of FIG. 1, seal
110 separates bleed chamber 114 from between-pane space
112. In more detail, the illustrated seal 110 1s located
inwardly of bleed chamber 114 and between-pane space 112
1s located mwardly of seal 110.

In general, seal 110 can take the form of any geometric
shape, such as spherical, cylindrical, square, rectangular,
rod-like, bead-like, oval, or trapezoidal. Seal 110 can be
formed of solder glass, a polymer (e.g., Teflon), plastic,
ceramic, glass, metal, or any other suitable material. In some
embodiments, a low vapor pressure, low gas permeability
adhesive 1s used. In other embodiments, a hot-melt butyl
and/or any other suitable adhesive or bonding agent 1s used.
Preferably, seal 110 creates a substantially hermetic seal
between glass pane 102 and glass pane 106. In these
embodiments, seal 110 can be made of solder glass, indium,
rubber, silicone rubber, butyl rubber, or any other suitable
material. In some cases, seal 110 1s a glass 1rit. In such cases,
the glass frit can optionally comprise bismuth oxide, vana-
dium oxide, barium oxide, and zinc oxide. Suitable frits are
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4

described 1 U.S. patent application publication 2015/
0218042, the contents of which are incorporated herein by
reference.

In certain embodiments, seal 110 consists of a single bead
of polymer sealant. In these and other embodiments, seal
110 1s devoid of metal (e.g., has no conventional metal
spacer or any metal film or metal foil). Preferably, seal 110
1s devoid of glass. Thus, a single bead of sealant comprising
(or consisting of) polymer can optionally be the only thing
separating the msulative gas 1n bleed chamber 114 and the
low pressure atmosphere 1n between-pane space 112. In such
cases, there 1s no additional rigid spacer wall therebetween.
In FIG. 1, seal 110 1s exposed to both the insulative
atmosphere in bleed chamber 114 and the low pressure
atmosphere 1 between-pane space 112.

Between-pane space 112 provides a low thermal conduc-
tivity environment. In order to provide such an environment,
between-pane space 112 has a high vacuum such that
convective heat transfer between glass panes 102 and 106 1s
significantly reduced or eliminated. As used herein, a high
vacuum 1s a substantially evacuated space having a pressure
between 0.001 torr and 107 torr. Preferably, the high
vacuum 1n between-pane space 112 1s characterized by a gas
pressure of 0.00085 torr or lower. In some embodiments, the
high vacuum 1n between-pane space 112 1s characterized by
a gas pressure of between 0.0008 torr and 10~ torr.

Bleed chamber 114 1s filled with thermally insulative gas
at a pressure higher than atmospheric pressure. Preferably,
the pressure 1n bleed chamber 114 1s 765 torr or higher. In
some embodiments, the pressure in bleed chamber 114 1s
7’70 torr or higher.

The thermally 1insulative gas preferably 1s a noble gas. For
example, the insulative gas can be argon, krypton, xenon, or
a combination thereof. Bleed chamber 114 may be filled
with a mix of air and one or more thermally msulative gases,
such as 90% argon and 10% air. Preferably, the bleed
chamber 1s 90% or more argon, such as 95% or more argon,
with the remainder optionally being air.

Bleed chamber 114 preferably has a volume that 1s at least
25% that of between-pane space 112. In some cases, the
bleed chamber volume 1s at least 50% as great as the
between-pane space volume. In certain preferred embodi-
ments, the bleed chamber volume 1s greater than (e.g.,
between 105% and 175%) the between-pane space volume.
Any one of the relative volume ranges noted in this para-
graph can be used 1 any embodiment of the present dis-
closure.

Over time, seal 110 between glass pane 102 and glass
pane 106 may exhibit some permeability. In a typical VIG
unit, when this occurs, ambient air will enter the evacuated
space, creating a rise in pressure and causing a significant
reduction 1n the insulative effects of the between-pane space.
In contrast, VIG umt 100 1s advantageous because bleed
chamber 114 not only provides a bufler between ambient air
and between-pane space 112, but also provides a mechanism
for having thermally insulative gas difluse ito between-
pane space 112 over time.

If seal 110 between glass panes 102 and 106 has some
permeability or 1s weakened, insulative gas from bleed
chamber 114 will tend to diffuse into between-pane space
112 instead of ambient air. The pressure of the insulative gas
within bleed chamber 114 tends to ensure that the insulative
gas difluses 1mto between-pane space 112 instead of ambient
air, which 1s at a lower pressure than the insulative gas
within bleed chamber 114. This mitigates the loss of thermal
insulation that occurs when the seal exhibits some perme-
ability, 1s weakened over time, or both. VIG unit 100 both
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provides structural stability and eflectively maintains good
thermal insulation properties in between-pane space 112.

In some embodiments, VIG unit 100 includes additional
components to increase thermal msulation properties of VIG
unit 100. For example, VIG unit 100 preferably includes a
low-emissivity coating on at least one surface of glass pane
102 and/or glass pane 106 to minimize heat loss due to
radiation. A variety of low-emissivity coatings are well
known 1n the present art. Suitable low-emissivity coatings
are disclosed 1n U.S. Pat. Nos. 9,376,853, 7,192,648, and
7,101,810, the contents of which are incorporated herein by
reference. Advantageous low-emissivity coatings are com-
mercially available from Cardinal CG Company of Spring
Green, Wis., USA. Additionally or alternatively, one or both
exterior surfaces of the VIG unit can optionally have a
transparent conductive oxide coating. Suitable coatings of
this nature are described in U.S. Pat. Nos. 8,658,262 and
9,453,365, the contents of which are incorporated herein by
reference.

FI1G. 2 1s a schematic cross-sectional end view of VIG umit
200 1n accordance with another embodiment of the inven-
tion. VIG unit 200 includes glass pane 202 with edge 204,
glass pane 206 with edge 208, first seal 210, second seal 211,
between-pane space 212, and bleed chamber 214. Glass
pane 202 and glass pane 206 are assembled 1n a spaced apart
configuration using seals 210 and 211. Edges 204 and 208 of
glass panes 202 and 206 are part of an edge region that
delineates a perimeter of VIG unit 200. Glass pane 202 and
glass pane 206 define confronting interior surfaces, which,
along with seal 210, form (1.e., bound) between-pane space
212.

Bleed chamber 214 1s located along the perimeter of VIG
unit 200, between seal 210 and seal 211. Bleed chamber 214
1s located peripherally inside of edges 204 and 208 of glass
panes 202 and 206. First seal 210 creates a first seal between
glass pane 202 and glass pane 206. First seal 210 separates
bleed chamber 214 from between-pane space 212. Thus, first
seal 210 1s exposed to both the isulative gas in bleed
chamber 214 and the low pressure atmosphere in between-
pane space 112. Second seal 211 creates a second seal
between glass pane 202 and glass pane 206. Second seal 211
separates bleed chamber 214 from the ambient air surround-
ing VIG unit 200. Thus, second seal 211 1s exposed to both
the isulative gas 1n bleed chamber 214 and the ambient air
surrounding VIG unit 200.

Preferably, bleed chamber 214 1s located mwardly of
second seal 211, first seal 210 1s located mmwardly of bleed
chamber 214, and between-pane space 112 1s located
inwardly of first seal 210. Seals 210 and 211 can be
substantially similar to seal 110, which was described above
with respect to FIG. 1. For example, each of seals 210 and
211 can optionally consist of single bead of polymer sealant.
In these and other embodiments, seals 210 and 211 are each
devoid of metal. Preferably, these seals 210 and 211 are
devoid of glass. As shown 1 FIG. 2, first seal 210 1s the only
thing separating the insulative gas in bleed chamber 214
from the low pressure atmosphere 1n between-pane space
212. Thus, there 1s no additional rigid spacer wall there
between. Similarly, in FIG. 2, second seal 211 is the only
thing separating the insulative gas in bleed chamber 214
from the ambient air surrounding VIG unit 200.

Like between-pane space 112 in FIG. 1, between-pane
space 212 provides a low thermal conductivity environment.
In order to provide such an environment, between-pane
space 212 has a high vacuum such that convective heat
transier between glass panes 202 and 206 1s significantly
reduced or eliminated. Preferably, the high vacuum in
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between-pane space 212 1s characterized by a gas pressure
of 0.00085 torr or lower. In some embodiments, the high
vacuum 1n between-pane space 212 1s characterized by a gas
pressure of between 0.0008 torr and 10~ torr.

[ike bleed chamber 114 1n FIG. 1, bleed chamber 214 1s
filled with thermally msulative gas at a pressure higher than
atmospheric pressure. Preferably, the pressure in bleed
chamber 114 15 765 torr or higher. In some embodiments, the
pressure in bleed chamber 214 1s 770 torr or higher. The
insulative gas can be argon, krypton, xenon, or a combina-
tion thereof. Bleed chamber 214 may be filled with a mix of
air and one or more thermally isulative gases, such as 90%
argon and 10% arr.

Over time, the seal between glass pane 202 and glass pane
206 formed by first seal 210 may exhibit some permeability.
In a typical VIG unit, when this occurs, ambient air will
enter the evacuated space, creating a rise in pressure and
causing a significant reduction in the 1nsulative effects of the
between-pane space. In contrast, VIG unit 200 1s advanta-
geous because bleed chamber 214 not only provides a buller
between ambient air and between-pane space 212, but also
provides a mechanism for having thermally insulative gas
diffuse into between-pane space 212 over time.

I first seal 210 between glass panes 202 and 206 has some
permeability or 1s weakened, nsulative gas from bleed
chamber 214 will tend to diffuse into between-pane space
212 instead of ambient air. The pressure of insulative gas
within bleed chamber 214 tends to ensure that the mnsulative
gas diffuses 1nto between-pane space 212 instead of ambient
air, which 1s at a lower pressure than the insulative gas
within bleed chamber 214. This mitigates the loss of thermal
insulation that occurs when the seal exhibits some perme-
ability, 1s weakened, or both. VIG unit 200 both provides
structural stability and eflectively maintains good thermal
insulation properties.

In some embodiments, VIG unit 200 includes additional
components to increase the thermal nsulation properties of
VIG unit 200. For example, VIG unit 200 preferably
includes a low-emissivity coating on at least one surface of
glass pane 202 and/or glass pane 206 to minimize heat loss
due to radiation. Additionally or alternatively, one or both
exterior surfaces of the VIG unit can optionally have a
transparent conductive oxide coating.

FIG. 3 1s a schematic cross-sectional end view of VIG unit
300 1n accordance with still another embodiment of the
invention. VIG unit 300 includes glass pane 302 with edge
304, glass pane 303 with edge 305, glass pane 306 with edge
308, first seal 310, second seal 311, between-pane space 312,
and bleed chamber 314. Glass pane 302 and glass pane 303
are assembled 1n a spaced-apart configuration using first seal
310. Glass pane 302 and glass pane 306 are assembled 1n a
spaced apart configuration using second seal 311. Between-
pane space 312 1s located between (e.g., bounded by con-
fronting surfaces of) glass panes 302 and 303. Glass panes
302, 303, and 306 are assembled with seals 310 and 311 such
that glass pane 303 1s also spaced apart from glass pane 306.
Edges 304 and 308 of glass panes 302 and 306 are part of
an edge region that delineates a perimeter of VIG unit 300.
Glass pane 302 and glass pane 303 define confronting
interior surfaces, which, along with first seal 310, form (1.e.,
bound) between-pane space 312.

Part of bleed chamber 314 1s located along the perimeter
of VIG unit 300, between first seal 310 and second seal 311.
That portion of bleed chamber 314 1s referred to as the outer
region of bleed chamber 314. First seal 310 separates bleed
chamber 314 from between-pane space 312. Thus, first seal
310 1s exposed to both the msulative gas 1n bleed chamber
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314 and the low pressure atmosphere 1n between-pane space
312. Bleed chamber 314 1s located peripherally inside of
edges 304 and 308 of glass panes 302 and 306. Bleed
chamber 314 includes a central region, which 1s located
between (e.g., bounded by) glass pane 303 and glass pane
306. In the embodiment of FIG. 3, glass pane 303 is
surrounded (e.g., the entire perimeter defined by edge 305 1s
surrounded) by bleed chamber 314. First seal 310 creates a
seal between glass pane 302 and glass pane 303. The seal
created by first seal 310 extends between bleed chamber 314
and between-pane space 312. Second seal 311 creates a seal
between glass pane 302 and glass pane 306. The seal created
by second seal 311 extends about the perimeter of VIG unit
300 between bleed chamber 314 and ambient air surround-
ing VIG unit 300.

Seals 310 and 311 can be substantially similar to seal 210
described above with respect to FIG. 2 and seal 110
described above with respect to FIG. 1. For example each of
seals 310 and 311 can optionally consist of a single bead of
polymer sealant. In these and other embodiments, seals 310
and 311 are each devoid of metal. Preferably, seals 310 and
311 are devoid of glass. As shown 1n FIG. 3, first seal 310
1s the only thing separating the insulative gas in bleed
chamber 314 from the low pressure atmosphere in between-
pane space 312. Thus, there 1s no additional spacer wall
there between. Similarly, 1n FIG. 3, second seal 311 1s the
only thing separating the insulative gas i bleed chamber
314 from the ambient air surrounding VIG unit 300.

Between-pane space 312 provides a low thermal conduc-
tivity environment. In order to provide such an environment,
between-pane space 312 has a high vacuum such that
convective heat transfer between glass panes 302 and 303 1s
significantly reduced or eliminated. Preferably, the high
vacuum 1n between-pane space 312 1s characterized by a gas
pressure of 0.00085 torr or lower. In some embodiments, the
high vacuum 1n between-pane space 312 1s characterized by
a gas pressure of between 0.0008 torr and 107 torr.

Bleed chamber 314 1s filled with thermally msulative gas
at a pressure higher than atmospheric pressure. Preferably,
the pressure 1n bleed chamber 114 1s 765 torr or higher. In
some embodiments, the pressure in bleed chamber 1s 770
torr or higher. The isulative gas can be argon, krypton,
Xxenon, or a combination thereof. Bleed chamber 314 may be
filled with a mix of air and one or more thermally 1nsulative
gases, such as 90% argon and 10% air.

Over time, the seal between glass pane 302 and glass pane
303 formed by first seal 310 may exhibit some permeability.
In a typical VIG unit, when this occurs, ambient air will
enter the evacuated space, creating a rise in pressure and
causing a significant reduction in the 1nsulative effects of the
between-pane space. In contrast, VIG umt 300 1s advanta-
geous, because bleed chamber 314 not only provides a buller
between ambient air and between-pane space 312, but it also
provides a mechanism for having thermally insulative gas
diffuse mto between-pane space 312 over time.

If the seal between first seal 310 and glass panes 302 and
303 has some permeability or 1s weakened, insulative gas
from bleed chamber 314 will tend to diffuse into between-
pane space 312 instead of ambient air. The pressure of the
insulative gas within bleed chamber 314 tends to ensure that
the insulative gas diffuses into between-pane space 312
instead of ambient air, which 1s at a lower pressure than the
insulative gas within bleed chamber 314. This mitigates the
loss of thermal isulation that occurs when the seal exhibits
some permeability, 1s weakened, or both. The configuration
of VIG umt 300 also provides resistance to ambient air
entering between-space 312 through glass pane 303. VIG
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umt 300 both provides structural stability and eflectively
maintains good thermal msulation properties.
In some embodiments, VIG unit 300 includes additional

components to increase the thermal insulation properties of
VIG unit 300. For example, VIG umit 300 preferably

includes a low-emissivity coating on at least one surface of
glass pane 302, glass pane 303, and/or glass pane 306 to
minimize heat loss due to radiation.

The embodiment of FIG. 3 can advantageously provide a
particularly large volume of thermally insulative gas. In
some cases, the bleed chamber 314 volume 1s greater than
150%, or even greater than 200%, of the between-pane
space 312 volume.

The VIG unit 1n any embodiment of the present disclosure

can optionally have one or more evacuation and/or fill tubes

116, 216, 316, 318. As shown in FIGS. 1-3, such a tube 116,
216, 316, 318 can optionally be mounted on the VIG unit so
as to extend through a hole 1n one of the panes. In some
cases, one end of an evacuation tube 116, 216, 316 com-
municates with (e.g., projects mto or 1s otherwise open to)
the between-pane space/vacuum chamber 112, 212, 312.
Additionally or alternatively, a fill tube can be provided such
that one of its ends communicates with (e.g., projects into or
1s otherwise open to) the bleed chamber. In the embodiments
of FIGS. 1-3, an evacuation tube 116, 216, 316 1s mounted
on the VIG unit at a location peripherally inward of (1.e., 1n
a direction opposite that of the arrow 1n FIG. 1) one or each
seal 110, 210, 211, 311 of the VIG unit. In other cases, an
evacuation tube or passage extending through the edge
region of the VIG umt 1s provided.

If desired, the VIG unit 1n any embodiment of the present
disclosure can be provided with one port for evacuation,
while another port 1s provided for filling the bleed chamber
with thermally insulative gas. In such cases, one end of a
first tube communicates with (e.g., projects into or 1s oth-
erwise open to) the between-pane space/vacuum chamber,
while one end of a second tube communicates with (e.g.,
projects 1nto or 1s otherwise open to) the bleed chamber. In
the embodiment of FIG. 3, for example, VIG unit 300 1s
shown with one tube 316 configured for evacuating the
between-pane space 312, and another tube 318 configured
for filing the bleed chamber 314 with sulative gas. The
VIG unit 300 of FIG. 3, however, 1s by no means required
to have an evacuation and/or {ill tube.

VIG unit 100 could be manufactured by assembling two
panes of glass together with an outer seal (and, optionally,
with spacers to maintain the glass separation distance),
attaching the bleed chamber, and evacuating the cavity
through an evacuation tube (either 1n the glass or 1n the edge
seal). VIG unit 200 could be manufactured by assembling
two panes of glass with an outer edge seal (211) and an inner
edge seal (210) (and, optionally, with spacers to maintain the
glass separation distance). When first assembled, the entire
cavity could contain the bleed gas, and subsequently the
inner cavity (212) could then be evacuated using an evacu-
ation port in one of the glass panes. VIG unit 300 could be
manufactured by assembling two diflerent sized panes of
glass (302 & 303) with an edge seal (310), then evacuating
the cavity 312. Next, an additional pane of glass (306) would
be added to the assembly along with a further edge seal (311)
possibly contaiming a metallic, plastic, or ceramic spacer.

While some preferred embodiments of the invention have
been described, 1t should be understood that wvarious
changes, adaptations and modifications may be made therein
without departing from the spirit of the mvention and the
scope of the appended claims.
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What 1s claimed 1s:

1. A vacuum insulating glass unit comprising a first pane
and a second pane assembled 1n a spaced-apart configuration
s0 as to have a between-pane space located between them,
the between-pane space having a high vacuum, the vacuum
insulating glass unit further comprising a bleed chamber, the
bleed chamber being filled with thermally insulative gas at
a pressure higher than atmospheric pressure and configured
such that over time thermally msulative gas from the bleed
chamber diffuses into the between-pane space, the thermally
insulative gas being noble gas or a mix of noble gas and atr,
the pressure in the bleed chamber being characterized by a
gas pressure of 765 torr or higher.

2. The vacuum msulating glass unit of claim 1 wherein the
gas pressure of the bleed chamber 1s 770 torr or higher.

3. The vacuum msulating glass unit of claim 1 wherein the
high vacuum 1n the between-pane space 1s characterized by
a gas pressure of 0.00085 torr or lower.

4. The vacuum 1nsulating glass unit of claim 1 wherein the
high vacuum 1n the between-pane space 1s characterized by
a gas pressure of between 0.0008 torr and 107 torr.

5. The vacuum 1nsulating glass unit of claim 1 wherein the
bleed chamber has a first volume, the between-pane space
has a second volume, and the first volume 1s at least 25% as
great as the second volume.

6. The vacuum nsulating glass unit of claim 5 wherein the
first volume 1s greater than the second volume.

7. The vacuum 1nsulating glass unit of claim 1 comprising,
an edge region delineating a perimeter of the vacuum
insulating glass unit, the first and second panes having
between them a seal that extends about the perimeter, the
bleed chamber located peripherally outside of the edge
region.

8. The vacuum 1nsulating glass unit of claim 1 wherein the
thermally insulative gas 1s selected from argon, krypton, and
Xenon.

9. The vacuum 1nsulating glass unit of claim 1 wherein the
vacuum 1insulating glass unit includes a fill tube having one
end 1n communication with an interior of the bleed chamber.

10. The vacuum insulating glass unit of claim 9 wherein
the vacuum insulating glass unit further includes an evacu-
ation tube having one end 1in communication with an interior
ol the between-pane space.

11. The vacuum insulating glass unit of claim 1 wherein
the first pane and the second pane are the only panes of the
vacuum insulating glass unit.

12. The vacuum nsulating glass unit of claim 1 wherein
the vacuum 1nsulating glass unit 1s devoid of a metal spacer.

13. The vacuum sulating glass unit of claim 1 wherein
the first pane and the second pane have a seal between them,
the seal consisting of a single bead of polymer sealant.

14. The vacuum 1nsulating glass unit of claim 1 further
comprising a third pane spaced apart from both the first and
second panes, wherein the first pane, the second pane, and
the third pane are the only panes of the vacuum insulating,
glass unit.

15. The vacuum insulating glass unit of claim 1 wherein
the first pane and the second pane have a seal between them,
the seal being made of rubber.

16. A vacuum insulating glass unit comprising a first pane
and a second pane assembled 1n a spaced-apart configuration
so as to have a between-pane space located between them,
the between-pane space having a high vacuum, the vacuum
insulating glass unit further comprising a bleed chamber, the
bleed chamber being filled with thermally insulative gas at
a pressure higher than atmospheric pressure and configured
such that over time thermally msulative gas from the bleed
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chamber diffuses into the between-pane space, the thermally
insulative gas being noble gas or a mix of noble gas and atr,
the pressure in the bleed chamber being characterized by a
gas pressure of 765 torr or higher,

the vacuum 1nsulating glass unit comprising an edge region
delineating a perimeter of the vacuum 1nsulating glass unit,
the first and second panes having between them a seal that
extends about the perimeter, the bleed chamber located
peripherally outside of the between-pane space, the bleed
chamber being encased by a housing that 1s separate from
the first pane and the second pane.

17. The vacuum insulating glass unit of claim 16 wherein
the seal 1s located between the between-pane space and the
bleed chamber.

18. The vacuum insulating glass unit of claim 16 wherein
the bleed chamber has an annular configuration.

19. The vacuum insulating glass unit of claim 18 wherein
the annular configuration of the bleed chamber entirely
surrounds the between-pane space.

20. The vacuum insulating glass unit of claim 16 wherein
the seal creates a substantially hermetic seal between the
first and second panes.

21. The vacuum insulating glass unit of claim 16 wherein
the gas pressure of the bleed chamber 1s 770 torr or higher.

22. The vacuum 1nsulating glass unit of claim 16 wherein
the bleed chamber 1s mounted against edges of the first and
second panes.

23. The vacuum 1nsulating glass unit of claim 16 wherein
the bleed chamber has a greater width, measured perpen-
dicular to major surfaces of the first and second panes, than
does the between-pane space.

24. The vacuum 1nsulating glass unit of claim 16 wherein
the first pane and the second pane are the only panes of the
vacuum insulating glass unit.

25. The vacuum 1nsulating glass unit of claim 16 wherein
the seal 1s a glass 1nt.

26. A vacuum 1nsulating glass unit comprising a first pane
and a second pane assembled 1n a spaced-apart configuration
so as to have a between-pane space located between them,
the between-pane space having a high vacuum, the vacuum
insulating glass unit further comprising a bleed chamber, the
bleed chamber being filled with thermally insulative gas at
a pressure higher than atmospheric pressure and configured
such that over time thermally mnsulative gas from the bleed
chamber difluses into the between-pane space, the thermally

insulative gas being noble gas or a mix of noble gas and atr,
the pressure in the bleed chamber being characterized by a
gas pressure ol 765 torr or higher,
wherein the first and second panes define conironting inte-
rior surfaces, and the bleed chamber 1s bounded by the
conifronting interior surfaces of the first and second panes.

277. The vacuum insulating glass unit of claim 26 com-
prising an edge region delineating a perimeter of the vacuum
insulating glass unit, the first and second panes having
between them a first seal that extends about the perimeter
and a second seal spaced mnwardly from the first seal, the
bleed chamber being located peripherally 1nside of the edge
region and between the first and second seals.

28. The vacuum 1nsulating glass unmit of claim 26 wherein
the gas pressure of the bleed chamber 1s 770 torr or higher.

29. The vacuum 1insulating glass umt of claim 26 com-
prising a first seal and a second seal, the confronting interior
surfaces of the first and second panes together with the first
seal forming the between-pane space, the bleed chamber
being located along a perimeter of the vacuum insulating
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glass unit between the first seal and the second seal, the first
seal and the second seal each consisting of a single bead of
polymer sealant.

30. The vacuum 1nsulating glass unit of claim 26 further
comprising an evacuation and/or fill tube mounted so as to
extend through a hole 1n one of the panes, such that one end
of said tube communicates with the between-pane space.

31. The vacuum insulating glass unit of claim 26 wherein
the first pane and the second pane are the only panes of the
vacuum insulating glass unit.

32. A vacuum msulating glass unit comprising a first pane
and a second pane assembled 1n a spaced-apart configuration
so as to have a between-pane space located between them,
the between-pane space having a high vacuum, the vacuum
insulating glass unit further comprising a bleed chamber, the
bleed chamber being filled with thermally insulative gas at
a pressure higher than atmospheric pressure and configured
such that over time thermally msulative gas from the bleed
chamber diffuses into the between-pane space, the thermally
insulative gas being noble gas or a mix of noble gas and atr,
the pressure in the bleed chamber being characterized by a
gas pressure ol 765 torr or higher,
the vacuum insulating glass unit further comprising a third
pane spaced apart from both the first and second panes such
that the between-pane space 1s bounded by the first and
second panes while the second pane 1s located between the
first and third panes wherein the first and third panes define
confronting interior surfaces, and a peripheral region of the
bleed chamber 1s bounded by the conironting interior sur-
faces of the first and third panes.
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33. The vacuum insulating glass unit of claim 32 wherein
the second and third panes define confronting interior sur-
faces, and a central region of the bleed chamber 1s bounded
by the confronting interior surfaces of the second and third
panes.

34. The vacuum 1nsulating glass unmit of claim 33 wherein
the peripheral region of the bleed chamber surrounds the
central region of the bleed chamber.

35. The vacuum insulating glass unit of claim 32 further
comprising an edge region delineating a perimeter of the
vacuum 1nsulating glass unit, the first and third panes having
between them a first seal that extends about the perimeter,
the bleed chamber located peripherally inside of the edge
region.

36. The vacuum insulating glass unit of claim 35 wherein
the first and second panes have between them a second seal,
and the peripheral region of the bleed chamber 1s located
between the first and second seals.

3’7. The vacuum insulating glass unit of claim 32 wherein
an entire perimeter defined by an edge of the second pane 1s

surrounded by the bleed chamber.

38. The vacuum 1nsulating glass unit of claim 32 wherein
the first pane, the second pane, and the third pane are the
only panes of the vacuum insulating glass unait.

39. The vacuum insulating glass unit of claim 36 wherein
the second seal 1s exposed to both the thermally insulative
gas 1n the bleed chamber and the between-pane space.
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